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Abstract. Purpose: To analyze limbs joint positions’ sense and its
relationship with pain intensity and duration in patients with chronic
non-specific back pain. Methods: Study design: cross-sectional study. For
assessment of patients, the following elements were used: general data
collection protocol; evaluation of pain intensity using the Visual Analogue
Scale; assessment of limb kinesthesia: determination of reposition precision
of a 90-degree flexion angle in shoulder, elbow, hip and knee joints. Subjects.
The study included 100 patients (88 women, 12 men) with chronic non-
specific back pain, who met the selection criteria for the study. The average
age of patients was 45.9 ± 11.6 years, and it ranged from 19 to 64 years.
Results: All participants of the study were found to have diminished upper
and lower limbs kinesthesia. The study results showed plausible (p < 0.05)
relation between limbs kinesthesia and pain intensity and duration, and these
correlations were significantly determined by pain localization. Conclusion:
Limb kinesthesia is plausibly related to the manifestation of pain in patients
with chronic non-specific back pain.
Key words: kinesthesia, proprioception, joint position sense, chronic back
pain.
1 Introduction
Within one year, prevalence of lower back pain in Europe is 25–63%, while the upper back
pain prevalence is 20–40% [1, 2]. More than 90% of back pain is non-specific [1].
Joint position and movement sense is a part of proprioceptive sense (sometimes it is
also called “kinesthesia”). Proprioception means the awareness of the relative position of
body segments and the position and movement of the body in space [3]. Patients with
chronic back pain have reduced proprioceptive sense of the respective spine segments, which
correlates with pain intensity and function restrictions [4–6]. It has been proved that people
with chronic, idiopathic neck pain feel worse than others at health control at head-to-neutral
repositioning tests [7]. The result was confirmed in a recent systematic review that higher
cervical joint reposition sense error was found in people with traumatic, as well as with non-
traumatic neck pain than in healthy controls [8]. Paulus and Brumagne (2008) found that
for people with recurrent neck pain not only head position control, but also shoulder joint
position sense is disturbed [8]. Huysmans et al. (2010) discovered impaired position sense
acuity of the upper extremities in patients with chronic neck pain [9, 10]. It was suggested
that spinal proprioception reduction in body position control (mainly spine global stability) is
provided by lower extremity joints kinesthesia [11–13]. Zazulak et al. (2007) and others have
shown that impaired lumbar proprioception increases the risk of knee injury [14]. Shakoor
et al. (2008) found impaired joint kinesthesia in both lower and upper limbs in patients with
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hip osteoarthritis. This finding may be explained in two ways – either one hip degenerative
changes and proprioceptive disorders in the long term lead to another joint proprioceptive
changes, or generated changes in a proprioceptive deficit is the risk factor for the development
of osteoarthritis [15].
Proprioception disorders and back pain cause-and-effect relationship remains debatable.
Transmission of sensory information due to tissue damage or pain is altered, in its turn,
proprioceptive deficit leads to increased range of intervertebral motion that is a precursor
to further paraspinal tissues injury [16, 17]. Neurophysiological research determined the
role of central sensitization in various musculoskeletal disorders, including low back
pain, osteoarthritis [18]. It is known that pain inhibits afferent proprioceptive information
transmission to the spinal cord and higher centers of the central nervous system, which allows
us to explain postural control disorders and pathological movement patterns in patients with
chronic pain syndrome [4, 19–21]. On the other hand, there is still lack of evidence for central
sensitization in idiopathic, non-traumatic neck pain [22].
Moseley et al. (2012) gave a hypothesis that in a patient with chronic back pain body
orientation representation in the cerebral cortex could be altered [23]. Brugmane et al. (2004)
demonstrated proprioceptive reweighting from the trunk to the ankle in patients with low
back pain [11]. In recent studies, it was supposed that a reduced proprioception from the
lower limbs may contribute to an altered postural control in patients with chronic back pain
and that a reduced proprioceptive feedback from segments of the body other than trunk may
affect postural control in back pain patients [24].
2 Methods
2.1 Participants
This study examined 100 patients (88 female, 12 male) who were admitted to Jelgava
outpatient rehabilitation department from 01.07.14 to 31.10.14 with chronic non-specific
back pain (pain duration more than 12 weeks, localized in neck (upper back) and/or low back).
The age group of the participants was 45.9 ± 11.6 years. The exclusion criteria included
the following: any specific cause of back pain, traumatic injury of limbs or joint arthritis,
muscle strength in extremity muscles less than 3 grades (after Kendall); peripheral or central
paresis, previous spine and/or limb surgery, pregnancy and less than two years after childbirth,
additional disease that causes functional limitation and/or contraindication for functional
tests.
2.2 Design and procedure
The study was performed as a cross-sectional analysis. Each participant was evaluated before
the conduction of rehabilitation sessions by the study assessment methods. The approval for
this study was obtained from the Ethics Committee of Riga Stradins University, and each
subject was required to sign a consent form prior to the participation in the study.
2.3 Assessment methods
Joint reposition error tests were used to analyze shoulder (glenohumeral), elbow, hip and
knee joints’ position sense. Whilst keeping other joints in neutral position the participant
actively moved to the target position (90 flexion), held for five seconds (measurement with
goniometer was taken), then returned to neutral position. The mean was calculated from
three trials to provide the joint reposition error score. Tests for shoulder, elbow and hip joint
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Table 1. Pain intensity (VAS) and duration (current episode, time from the first onset) in the sub-groups
(mean (SD)).
Pain characteristics Group 1 n = 33 Group 2 n = 19 Group 3 n = 48
Pain intensity (VAS; mean (SD)) 5.9 (1.9) 4.6 (1.8) 5.2 (2.1)
Current pain episode duration (weeks; mean (SD)) 15.6 (6.3) 15.2 (6.7) 14.1 (0.9)
Time from pain onset (years; mean (SD)) 9.8 (7.1) 6.9 (4.9) 12.7 (9.3)
were performed in supine position, but knee testing – in prone position. Movements where
performed without visual control.
Visual analogue scale (0 “no pain”, 10 “worst possible pain”) – was used to evaluate the
pain intensity. Duration of current pain episode (weeks), time from first pain episode (years)
and pain localization (“neck and upper back” and/or “low back”) were detected.
2.4 Statistical analysis
The results were analyzed using SPSS.V20 software. We used the mean and standard
deviation to describe the results for each joint reposition error score and pain characteristics.
ANOVA analysis of variances was used to calculate the difference between mean values
of joints reposition error scores in three independent groups based on pain localization.
Spearman correlation analysis was used to reveal the correlation between joints reposition
error scores and pain characteristics. The statistically significant level was p < 0.05.
3 Results
3.1 Pain characteristics
Almost half of participants (n = 48) marked pain both in upper and lower back, 33 patients
complained about lower back pain, but others (n = 19) about upper back (neck) pain.
Presuming that back-pain localization is an important factor to predict manifestation of
chronic pain syndrome in analysis, three subgroups were formed: Group 1: patients with
lower back pain (n = 33); Group 2: patients with upper back pain (n = 19); Group 3: patients
with both upper and lower back pain (n = 48). Based on ANOVA test results, division of
patients into subgroups based on gender, age, education, employment, occupational risk
factors and physical activity had no statistically significant difference (p > 0.05).
The pain intensity and duration in participants is outlined in Table 1. The pain intensity
was higher (p < 0.05) in Group 1 and Group 3, than in Group 2 (F = 1.296, p = 0.028).
There was no difference between the subgroups based on the current pain episode duration
(ANOVA, F = 0.423, p = 0.656), but the time from first pain episode onset was longer in
Group 1 (p < 0.05) than in Group 2, but in Group 3 it was longer (p < 0.05) than in both
Group 1 and Group 2 (F = 3.805, p = 0.026; F = 5.714, p = 0.009).
3.2 Joint reposition error tests results
Joint position sense impairment was found for all the participants in at least three out of eight
joints examined. Mean joint reposition error in upper and lower limb joints is illustrated in
Fig. 1 and Fig. 2.
Based on ANOVA analysis of variances no reliable difference between mean upper limb
joints position sense in the three subgroups was found. In lower limbs mean left knee joint
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Fig. 2. Mean reposition error (degrees) of lower limb joints in the three subgroups.
reposition error was higher (p < 0.05) in Group 3 than in Groups 1 and 2 (F = 0.309,
p = 0.004; F = 0.310, p = 0.015), but in Group 1 it was higher than in Group 2 (F = 0.276,
p = 0.027). But hip joint reposition error tests showed that the error to the right side was
higher in Group 1 than in Group 3, but to the left side the opposite difference was found –
in Group 3 joint reposition error was higher than in Group 1 (F = 0.210, p = 0.018 (right
side); F = 0.227, p = 0.024 (left side)).
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Table 2. A schematic description of significant (p < 0.05) correlation (based on Spearman’s
correlation analysis) between joint reposition error and pain characteristics in the study subgroups.
The table shows only joints whose kinesthesia’s disorders correlated with pain syndrome.
Group Pain intensity (VAS) Duration of current Time from the first
pain episode (weeks) pain episode (years)
Group 1 – left hip – right elbow – left elbow
– both knees – right hip
Group 2 – both elbows – left elbow
Group 3 – right shoulder – right shoulder – right hip
– left knee – left knee
3.3 Correlation analysis
The results confirmed some reliable (p < 0.05) moderate to weak correlations between the
test results of pain intensity (VAS) and joint reposition error: in Group 1 with knee and
hip (R = 0.478, p = 0.005; R = 0.410, p = 0.018); in Group 2 with elbow (R = 0.519, p =
0.023); in Group 3 with shoulder and knee (R = 0.299, p = 0.039; R = 0.290, p = 0.044).
In Group 2 and Group 3 joint reposition error test results in the same joints showed significant
correlation with the duration of current pain episode: Group 2 with elbow (R = 0.47,
p = 0.042), Group 3 with shoulder and knee (R = 0.298, p = 0.04; R = 0.331, p = 0.022).
In Group 1 duration of current pain episode correlates with reposition error in elbow
and hip (R = 0.371, p = 0.034; R = 0.356, p = 0.042). Time from the first pain episode
revealed significant correlation (p < 0.05) with reposition error in elbow joint for Group 1
(R = 0.435, p = 0.011) and hip joint for Group 3 (R = 0.303, p = 0.036). The significant
(p < 0.05) correlations between joint reposition error test results and pain characteristics in
the three subgroups are schematically shown in Table 2.
4 Discussion
The main findings of our study were the following: (1) all studied patients with chronic back
pain had both upper and lower limb joint position sense impairment regardless of back pain
localization; (2) back pain intensity had reliable relationship between joint position sense
in limb adjacent to pain localization; (3) limb joint position sense impairment showed the
tendency to be more expressed in patients with an extended current pain episode.
Based on the study methodology, the studied patients formed a sufficiently homogeneous
group by a structural damage of the spine and pain type (so-called, chronic non-specific back
pain). Although the previous studies revealed that a chronic pain syndrome is a disease and
is characterized by the dysfunction of the nervous system and pain localization has only a
secondary role [25], our assumption on the back pain localization as an important factor to
predict manifestation of chronic pain syndrome proved to be useful. It could also be proved
by recent evidence from the systematic review that central sensitization is not a characteristic
feature for all chronic neck pain patients [21].
Relatively few studies were found on the changes of the limbs’ position sense or
kinesthesia (proprioception) in patients with chronic back pain [9, 26]. Mainly proprioception
of the spine has been investigated and it has been suggested that it could be a part of general
proprioceptive disorders [4, 6, 27–29]. Our first important finding – all studied patients with
chronic back pain had both upper and lower limb joint position sense impairment regardless
of back pain localization. This may suggest that limb kinesthesia disorders are a part of
general proprioceptive disorder in chronic back pain patients. That could be attributed to
central sensitization, but with exceptions. It has been revealed changes in somatosensory
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cortex in major chronic back pain cases [17, 30, 31]. Shakoor et al. (2008) found impaired
joint kinesthesia in both lower and upper limbs in patients with hip osteoarthritis [15], but in
recent systematic review, Luch et al. (2014) concluded that both peripheral mechanisms and
hypersensitivity of CNS are involved in osteoarthritis pain syndrome [32].
Taking into account the bio-psycho-social aspects of the chronic pain syndrome [33] there
is a reason to suggest that limb joints reposition error tests results were influenced by such
emotional characteristic of chronic pain patients as anxiety. It has been stated in different
studies that there is a connection between anxiety and disturbed motor task performance,
also, anxiety diminished body representation in CNS [34, 35].
Considering the correlation between more expressed joint position sense impairment with
extended length of current pain episode and in patients with lower back and both lower and
upper back pain localization with longer time from the first pain episode, increased risk of
limb joints injuries or motor control disorders and subsequent pain can be presumed as long –
term consequences. It is very important, regarding the weight bearing joints (hip, knee) that
in clinical setting lower limb motor control disorders in patients with chronic lower back
pain are usually explained with biomechanical adaptive changes, but our findings point out
the necessity to pay the same amount of attention to neuromuscular component (as general
proprioception disorder). As our aim of the research was to analyze the relationships, the
cause-effect relation remains unclear. It can be presumed that poor limb joint proprioception
(which could be due to some peripheral mechanism (e.g., soft tissue injury)) has an effect
on prolonging the back-pain episode. These circumstances emphasize the need for future
research in longitudinal studies.
Our research results confirmed that more intense back pain is related to higher joint
reposition error in limb adjacent to pain localization. There were only few studies that confirm
concurrent action of pain and proprioception stimulus in spinal cord level (“gate control
mechanism”) [18, 31], that could partly explain our findings. In addition, previous studies
have found close relationship between pain intensity and anxiety in chronic back pain patients
[33], thus it can be presumed that anxiety and fear were the main mediators between higher
pain intensity and greater joint position sense impairment. For patients with chronic back pain
the component of somatization and fear (especially fear of movements) has been observed
already in previous studies [33]. Our finding in the relationship between pain intensity and
joint reposition error in limb adjacent to pain localization could be mainly explained by fear
and excessive awareness of the painful site (back part), which could result in poor motor task
performance (e.g. joint reposition). The motor control of spine (that was more diminished
in patients with higher pain intensity) leads to less effective motor performance in distal
segments (limb joints).
As the methodological strength of our research, the homogenous study group could be
pointed out. The established sub-groups were useful and important initially, the assessment
methods and study design was appropriate and allowed to reach the goal of the study. In
further research, we could advise to use longitudinal design and assessment supplement
with methods to detect muscle synergy patterns in limbs and psycho-emotional state. As
well as investigations of interventions directed towards the improvement of limb joints
proprioception in patients with chronic back pain could be conducted.
5 Conclusions
Patients with chronic back pain had both upper and lower limb joint position sense
impairment regardless of back pain localization and they showed a tendency to be more
expressed in patients with extended current pain episode. Since cause-effect relation remains
unclear, further studies have to be conducted. Back pain intensity had reliable relationship
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between the joint position sense in limb adjacent to pain localization, that should be taking
into account when choosing multimodal therapeutic approaches.
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